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PROCESS FOR CONTROLLING MICRO-ORGANISMS 
IN AN AQUEOUS PROCESS MEDIUM 

This application claims priority to German Patent Applicatio No. DE 19909832.8, filed 
5 March 5, 1999, the disclosure of which is hereby incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

The present invention relates to an improved process for controlling micro-organisms 
in an aqueous process medium by using hop acids as the active substance. The invention 
10 also relates to an improved process for controlling the bacterial growth in a distillery using 
an isomerized hop acid. 

BACKGROUND OF THE INVENTION 

It is known that compounds derived from flowers of the hop plant (Hululus lupulus 
15 L.) contribute a desirable bitter flavor to beer. Commercial processes which extract the 
active compounds, such as, alpha acids and beta acids, from hops and convert them to the 
desired hop flavors, e.g., isoalpha acids, rho-isoalpha acids, tetrahydroisoalpha acids and 
hexahydroisoalpha acids, at relatively high yields. The commercially produced hop product 
may then be added post-fermentation to maximize utilization and provide consistent hop 
2 0 flavor. 

Hops have been used for many years for the purpose of contributing a clean bitter 
taste to beer. Further, it is known that certain hop acids exhibit anti-bacterial effects in sugar 
containing aqueous mediums. For example, European Patent Application No. 681 029 A2 
discloses a process for inhibiting thermophilic micro-organisms in the presence of sucrose 



2 



046436-5016 

aqueous medium, in which a hop based product is added to a sucrose aqueous medium at 

o 

temperatures between 50 °C and 80 C. 

Further, U.S. Patent No. 5,286,506 relates to a process of applying a solution 
containing beta acids to a solid food product to prevent growth of Listeria. According to 
5 Arch. Mikrobiol. 94 (1973), p. 159 - 171 beta acids exhibit the highest bacteriostatic effect in 
comparison to alpha acids and isoalpha acids, however, because of its poor solubility, 
certain concentrations of beta-acid cannot be exceeded. 

During the manufacturing of spirits, there are many areas where bacteria 
contamination can occur. This contamination generally originates from the feed material or 
10 the material to be fermented. Because the feed material is generally an agricultural product, 
U! coming from the field, bacterial contamination is unavoidable. The goal at most distilleries 

p is to perform the fermentation quickly as possible since alcohol itself has a bactericidal effect 

E\ 

Z[ at above 6 wt%. Unfortunately, distilleries with severe bacteria problems cannot get around 

4= this problem and are forced to use antibiotics or sacrifice yield and product quality. 

CI 1 5 A common area where contamination occurs is in the yeast growing tanks. Because it 

can take many hours to grow a new lot of yeast for fermentation, the conditions and time 
periods are ideal for bacterial growth. Once a sufficient amount of yeast is produced it is 

Ci transferred to an empty fermentor. Over a period of several hours the fermentor is filled with 

feed material. During this filling time and afterwards the yeast and bacteria start consuming 
2 0 the fermentable sugars. If the bacteria content is high, several problems can occur. One 
problem is the conversion of sugar into organic acids like lactic acid and acetic acid. This 
reduces alcohol yield and creates by-products which can effect the quality of the distilled 
spirit. If the bacteria contamination is extremely high, one can experience yeast flocculation 
in the ferementor. This can stop a fermentation in its tracks. 
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Some distilleries purchase whole hops or hop pellets to control bacteria problems. 
The hops are boiled in a tank to convert the alpha acids to isoalpha acids. The boiled 
aqueous solution is then poured into the ferementor. Although this will control bacteria 
growth, it is very inefficient, costly and variable. Specifically, hops are an agricultural 
product where its components, e.g., alpha acids, beta acids, uncharacterized resins and hop 
oils vary year to year, lot to lot and field to field. Further, the required boiling to isomerize 
the alpha acids into isoalpha acids is variable. Accordingly, there remains a need to provide 
a convenient and effective method for treating distilleries to control bacteria growth. The 
present invention answers this need. 



SUMMARY OF INVENTION 

It has been discovered that when an aqueous alkaline solution of hop acid is added to 
a process medium having a pH less than the pH of the alkaline hop acid solution, the hop 
acid is especially effective at controlling micro-organisms. Indeed, the overall usage of hop 
15 acid for obtaining the desired effect can be enormously reduced. Accordingly, the invention 
relates to a process for controlling micro-organisms in an aqueous process medium 
comprising adding an aqueous alkaline solution of a hop acid to the process medium, 
wherein the pH of the aqueous alkaline hop solution is higher than the pH of the process 
medium. 

2 0 As a result of the low dosage quantity of added solution compared to the process 

medium, the solution adapts almost entirely the pH of the process medium when added to the 
process medium and the hop acid passes from the disassociated form (salt form) to the 
associated (free acid), anti-bacterial effective, form. Surprisingly, hop acid is especially 
effective as an anti-bacterial agent when used in this manner. In addition different forms of 
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hop acids can be used which could otherwise not be used or could only be used at low 
effectiveness. 

It has also been discovered that, isomerized hop acids are particularly effective at 
controlling the bacterial growth in the process streams of distilleries. Indeed, by using a 
standardized solution of isomerized hop acids, one is able to accurately dose the exact 
amount of hop acid required to control bacterial growth. 

BRIEF DESCRIPTION OF THE DRAWINGS 

# Figure 1 is a diagram of the preferred process sequence for preparing an aqueous 
alkaline beta acid solution used in the process of the invention. 

Figure 2 is a diagram of a preferred embodiment of the invention for controlling the 
bacterial growth in a distillery where the fermentable solution is stored as a concentrate and 
the isomerized hop acid is dosed into the feed streams going to the yeast growing tanks and 
fermentors immediately after dilution. 

Figure 3 is a diagram showing the dilution of concentrated molasses in the distillery 
treated in accordance with Example 5. 

Figure 4 is a diagram demonstrating how the yeast in the yeast growing tanks were 
grown in the distillery treated in accordance with Example 5. 

DETAILED DESCRIPTION 

The invention relates to a process for controlling micro-organisms in an aqueous 
process medium comprising adding an aqueous alkaline solution of a hop acid to the process 
medium, wherein the pH of the aqueous alkaline hop solution is higher than the pH of the 
process medium. 
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The hop acid is a natural hop acid or a derivative thereof, such as, alpha acid, beta 
acid, tetrahydroalpha acid (THAA), or hexahydrobeta acid (HHBA), or mixtures thereof; an 
isomerized hop acid or a derivative thereof, such as, isoalpha acid (IAA), rhoiso alpha acid 
(RIAA), tetrahydro isoalpha acid (THIAA) or hexahydro isoalpha acid (HHIAA) or mixtures 
5 thereof. Alpha acids contained in the hop acid may be transformed into isoalpha acids 
during the preparation of the hop acid solution and maintain their anti-bacterial effect. 

Depending on the hop acid product, the concentration of hop acid in the aqueous 
solution will vary. For example, the concentration of tetrahydroisoalpha acid in aqueous 
solution is generally 10 wt.% while the concentration of isoalpha acid can be as high as 30 
% 10 wt.%. Generally, the final concentration of acid in the solution ranges from about 2 to about 
« ; 40 wt.%, preferably from about 5 to about 20 wt. %, most preferably from about 10 to about 

5 3 I 

□ 15 wt. %. Higher concentrations may be appropriate where longer transport times are 

q required. 

^ Generally, hop acids in their acid form exhibit low solubility in water. However, hop 

15 acids can be mixed with an alkali metal hydroxide, preferably potassium hydroxide, to make 
Cj a water soluble alkali metal salt of the hop acid. According, in the process for controlling 

f% micro-organisms according to the invention, it is advantageous to use alkali hydroxides, 

M specifically potassium hydroxide or sodium hydroxide or a mixture thereof as the alkaline 

medium. The concentrations of the alkaline medium preferably ranges from about 1 to about 
2 0 4 wt. %, more preferably from about 2 to about 3 wt. %. 

As discussed above, the pH of the aqueous alkaline hop solution is higher than the 
pH of the process medium. As a result of the low dosage quantity of added solution 
compared to the process medium, the solution adapts almost entirely the pH of the process 
medium when added to the process medium and the hop acid passes from the disassociated 
2 5 form (salt form) to the associated (free acid), anti-bacterial effective, form. Preferably, the 
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pH of the aqueous alkaline hop acid solution added to the process medium ranges from about 
7.5 to about 13.0, more preferably from about 9.5 to about 1 1.0. A high bactericidal 
efficiency is achieved by using the solution in this range. The solution can be added without 
the danger of seriously damaging human skin. Furthermore, the solution does not create 
unpleasant or injurious vapors, unlike other chemical agents. 

In a preferred embodiment, the aqueous alkaline solution of hop acid is prepared 
according to the following steps: 

a) provide an aqueous medium; 

b) heat; 

c) adding a hop acid, preferably, melted hop acid, such that the final concentration of 
the hop acid is within a predefined range of concentration; 

d) adding an aqueous alkaline medium to obtain a pre-defined pH; 

e) mixing the alkaline medium with the added hop acid; 

f) maintaining the mixture in a raised temperature range within a predefined time 
period; 

g) separating the solution of hop acid from the mixture and 

h) cooling-down the solution of hop acid. 

Figure 1 is a diagram of the preferred process sequence for preparing an aqueous 
alkaline beta acid solution used in the process of the invention. In a preferred embodiment, 
an aqueous solution of potassium hydroxide is heated to about 60 to about 80°C, preferably 
from about 65 to 75 °C, most preferably from about 70 to about 75°C and the hop acid, e.g., 
melted beta acid, is added into to the potassium hydroxide solution. The temperature of the 
mixture is subsequently maintained for about 15 to 30 minutes or until the mixture separates 
into a clear, alkaline beta acid solution and an oil containing components. The clear, alkaline 
beta acid solution generally having a pH of about 10 to about 10.5 is separated from the 
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mixture and is then cooled to a temperature below room temperature, preferably to about 2 to 
about 7°C. This is subsequently dosed into the process medium discontinuously, e.g., by 
using shock dosage or continuously. 

This process of preparing the aqueous alkaline solution of hop acid, enables the 
preparation of a solution, which can be stored and/or transported at higher concentrations of 
hop acids over longer periods. Under these conditions, these solutions are very stable. Its 
composition means that the solution can be dosed by pouring it in manually through hatches 
since it will not damage human skin, nor does the alkaline solution create unpleasant or 
injurious vapors unlike other chemical agents. Such solution provides appropriate 
characteristics for transport, the way to apply the solution and storage because of alkaline 
behavior. The process also provides a reduction of the amount of hop acid used in 
comparison to the processes according to the prior art. Also the pH of the solution is 
selected to ensure the highest possible increase in effect when it is used directly. The 
solution can also be dosed through the closed dosage systems for the emission free dosage of 
common anti-bacterial substances. The procedural steps are able to be changed in their 
sequence in time. The aforementioned sequence provides a very accurate definition of the 
pH of the aqueous alkaline hop acid solution. 

In the process for controlling micro-organisms of the invention, the aqueous alkaline 
hop acid solution can be added to the process medium continuously or discontinuously, e.g., 
using shock dosage. For example, for shock dosage, the aqueous alkaline hop solution is 
periodically added to the process medium, e.g., the dosage is made at defined times within 
very short time intervals at which locally and for a short time interval high concentrations 
can be adapted. The high local concentrations achieved by this kind of dosing avoid the 
adaptation of the micro-organisms. The solution may be manually dosed into the process 
medium. Alternatively, the solution may be added to the process medium through closed 
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dosing systems. That means that control of micro-organisms may be done under the use of 
the process installations (closed dosing systems) already available. 

Generally, the temperature of the process medium to be treated is below 100°C, 
preferably below 50°C most preferably below 30°C. The concentrations of hop acid used in 
5 the process medium is preferably in the range of about 0.1 to about 50 ppm, more preferably 
in the range of about 1 .0 to about 35 ppm, most preferably from about 2 to about 4 ppm. As 
discussed above, in the process medium the aqueous alkaline hop acid solution mixes with 
the slightly acid or at least less alkaline reacting process medium. As a result of the low 
dosage quantities of the highly concentrated hop acid solution, e.g., beta acid or alpha acid 
Ci 10 solution, it adapts almost entirely to pH of the process medium, where upon the hop acid 
yi transforms from its salt form into the anti-bacterially effective free acid form, 

pf In another embodiment, melted, commercial hop acids, such as beta acids, can be 

|? directly added to the process medium. In such a process the melt is mixed with alkaline 

41 solution at an increased temperature shortly before a shock dosing. After the melt is 

H 15 dissolved, the entire mixture is dosed as a single shock. For short periods, strong alkaline 
%{ conditions, which would lead to a loss of hop acids during interim storage, can be chosen. 

0 = The process for controlling micro-organisms according to the invention can be 

p automated by the use of time controls for the dosing pumps and valves. In this case, too, an 

increase of efficiency occurs. The improved effect means that the overall concentration of 
2 0 active ingredients can be reduced, which produces a number of advantages. Either reduced 
costs are achieved through lower dosing or the same dosing produces a better effect. For hop 
acids with the same concentration the transport volume is reduced, because of the greater 
efficiency. 

The process for controlling micro-organisms according to the invention can be 
2 5 applied in an advantageous way in distilleries for the production of non-beer alcoholic 
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drinks, specifically of spirits or in the production process of wine and wine containing 
drinks, further in the production of natural ethanol and pharmaceutical drugs. The invention 
can also be used in the production of all kinds of dairy products, yeast, fruit juices and tinned 
foods in aqueous solution. Furthermore the process may be used in the formulation of 
cosmetic and detergent compositions. 

It has also been discovered that, isomerized hop acids and derivatives thereof are 
particularly effective at controlling the bacterial growth of distilleries. The isomerized hop 
acids are easier to use than traditional hops. Indeed, by using a standardized solution of 
isomerized hop acids, one is able to accurately dose the exact amount of hop acid required to 
control bacterial growth. 

Accordingly, in another embodiment, the invention relates to a process for 
controlling the bacterial growth in a distillery comprising adding an effective antibacterial 
amount of an isomerized hop acid to the process streams, e.g.., yeast and/or fermentor 
streams of the distillery. In a preferred embodiment, the process streams are treated with an 
alkaline aqueous solution of isomerized hop acid. Isomerized hop acids at concentrations as 
low as 2 ppm in the process medium can effectively control bacterial growth. Preferably, the 
concentration of hop acid ranges from about 1 to about 20 ppm, more preferably from about 
2 to about 4 ppm in the process medium. Because isomerized hop acids are very insoluble at 
concentration at about 100 ppm, one should avoid localized high concentrations. 
Accordingly, the isomerized hop acid is preferably metered into the process very slowly, for 
example, by the use of small dosing pumps. 

Figure 2 demonstrates an example where the fermentable solution is stored as a 
concentrate and the isomerized hop acid is dosed into the feed streams going to the yeast 
growing tanks and fermentors immediately after dilution. At very high concentrations >80 
brix no bacterial growth occurs, although the bacteria are still present in the feed material. 



10 



046436-5016 



After diluting the feed material to a fermentable concentration of about 25 brix bacterial 
growth can occur. By adding the isomerized hop acid at this point in the process one can 
inhibit bacteria growth right from the start. 

An alternative to dosing the isomerized hop acid to both the yeast growing tanks as 
well as the fermentors is to dose a higher concentration of the hop acid just into the yeast 
growing tanks. Following yeast growth the yeast solution, containing the isomerized hop 
acid, is transferred to an empty fermentor. As the fermentor is being filled, fermentation is 
taking place and the hop acid concentration is being diluted. If the correct amount of 
isomerized hop acid is added to the yeast growing tanks dilution in the fermentor will 
provide a final isomerized hop acid concentration of about 2 to about 4 ppm. At this 
concentration the isomerized hop acid can still control bacteria growth. 

Suitable isomerized hop acids useful in the process of the invention include 
isomerized hop acids and derivatives thereof, such as, isoalpha acids (IAA), rhoiso alpha 
acids (RIAA), tetrahydro isoalpha acids (THIAA), hexahydro isoalpha acid (HHIAA) or 
mixtures thereof. THIAA and HHIAA are particularly effective at controlling bacteria 
growth. 

There are many advantages to using isomerized hop acids as antimicrobial agents for 
the distilling industry. First, hop acids are natural products which are used to bitter beer 
consumed by millions of people every day. Clearly, they are safe for human consumption. 
Further, because these hop acids have boiling points over 200 °C one never needs to be 
concerned with contaminating the distilled product with hops and therefore one can consider 
the use of hop acids as a processing aid. Finally, the dosing of isomerized hop acids is cost 
effective. 
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EXAMPLES 

The following Examples are intended to illustrate, but not limit, the scope of this invention. 
EXAMPLE 1 

5 Potassium hydroxide (30 kg) is added to a stirred solution of beta fraction (containing 55 % 
a-acids) and water (900 liters) at 70°C until pH 10.5 is reached. After stirring for two hours, 
the oil and aqueous layers are allowed to separate. The aqueous layer is removed and cooled 
to 5°C. The precipitate is removed to yield the aqueous p-acid solution (1000 liters), which 
is dosed into the process medium of a milk production after pasteurization to control the 
1 0 growth of heat resistant spores or any other thermophilic bacteria which are not controlled by 
pasteurization. 

EXAMPLE 2 

A solution is made as in Example 1, which is dosed to aqueous milk products in order to 
1 5 control bacteria such as lactic acid bacteria which would cause undesired fermentation. 

EXAMPLE 3 

A solution is created as in example 1 and added to vegetables in aqueous solution before 
they are packed in tins. Heat resistant spores and bacteria resulting from them causing a 
2 0 deterioration of the flavor are effectively controlled. As a result the shelf life of such 
products is extended. 

EXAMPLE 4 
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An alkaline solution of isoalpha acid is dosed to the fermentation stage of a distillery in a 
concentration of about 10 to about 20 ppm. The temperature of the fermentation stage is 
below 30°C and the pH is below 6. 

EXAMPLE 5 

Two peristaltic pumps were calibrated using deionized water to deliver 20 ppm of 
isoalpha acids to two 28 °C molasses streams. One pump dosed ISOHOP® (a 30 wt.% 
aqueous solution of potassium salt isoalpha acid commercially available from Haas Hop 
Product, Inc.) to a dilute molasses stream, 20 brix (20% solids) feeding three yeast growing 
tanks. The other pump dosed ISOHOP® to a dilute molasses stream, 26 brix, feeding the 8 
fermentors. These two streams ran constantly and the distillery ran essentially semi- 
continuous. Dip-tubes and valves were welded to the two pipes which delivered these two 
molasses streams. Figure 3 is a diagram showing how the concentrated molasses is first 
diluted to about 50 to about 55 brix and pH adjusted to about 6.2 at 60 °C. The dilutions 
took about 45-60 minutes and were further diluted downstream and cooled to 30 °C prior to 
ISOHOP® addition and introduction into the yeast growing tank and the fermentor. The 
concentrated molasses contains some bacteria, however, at 80 brix there is not enough water 
for the bacteria to grow, therefore, it remains dormant. Once diluted, however, the bacteria 
has an opportunity to grow. Therefore, ISOHOP® was introduced into the diluted molasses 
solution as soon as possible. Because the dilution tanks were small, dilutions were 
constantly being performed and sent forward to their appropriate tanks. It takes about 4 
hours to fill each yeast growing tank, about 16 hours to fill the fermentation tank with 
molasses and fermentation took an additional 48 hours. 

The yeast growing solution from the yeast growing tank and the "wine" from the 
fermentation were loaded with lactobacillus. Analytical analysis showed the bacteria count to 
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be 3 million bacteria cells/mL. These two solutions were also analyzed for residual sugar, 
alcohol yield and total organic acids, such as lactic acid, acetic acid etc. 

Figure 4 is a diagram demonstrating the growth of yeast in the yeast growing tanks. 
At time zero there were two yeast growing tanks which hold a total volume of 100 HL each. 
Each tank contained about 40 HL of yeast and molasses feed and was constantly aerated. 
The molasses feed was constantly added to two yeast growing tanks at a flow rate of 20 HL 
per hour. It takes four hours to fill these two tanks to a volume of 80 HL each. After each 
tank reached a total volume of 80 HL, one tank was transferred to an empty fermentor while 
half of the other tank was pumped into the third empty yeast growing tank to continue the 
process of growing more yeast. 

After the 80 HL of yeast solution was sent to an empty fermentor 120 HL of 
molasses ~ 26 brix was added to this fermentation tank. The addition of this molasses 
solution took about 16 hours and 48 hours after molasses addition the fermentation was 
complete. The combined 200 HL of molasses/yeast/alcohol etc was pumped to the 
distillation towers to isolate the ethanol. 

After dosing for about 20 hours 15 ppm of ISOHOP® was added to the molasses 
feed going into the fermentor and about 13 ppm of ISOHOP® was added to the molasses 
feeding the yeast growing solution. Microscopic inspection of the yeast growing solution 
and fermentation solutions indicated a lowering of the bacteria. 

40 hours after dosing it was clear that the bacteria count in the yeast growing solution 
was down significantly and the fermenting solution looked about normal. The first 
fermentation with ISOHOP® was complete. Samples of the wine were analyzed which 
showed that the amount of organic acid was reduced by about 0.4% vs. before ISOHOP® 
addition. The residual sugar in the wine measured 130 ppm and distillation of this material 
produced a normal ethanol yield. The yeast cells in the fermentor showed no flocculation 
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indicating that bacteria contamination was low. 

After three days of dosing 1 1 ppm of ISOHOP® into the yeast growing solution and 
1 5 ppm into the fermentor, microscopic inspection of the yeast growing solution showed 
little to no lactobacillus bacteria and the fermentation solutions looked normal. Based on the 
fact that the antibiotic Virginiamycin reduces the bacteria count by only 50% it appears that 
ISOHOP® works better than Virginiamycin. 

On day four dosing of ISOHOP® into the fermentor stopped and 1 1 ppm of ISOHOP® 
was dosed into the yeast growing tank for the next 48 hours. This 1 1 ppm solution was diluted 
to 4 ppm once the molasses solution was added to the fermentor. Analysis of the yeast growing 
solution showed little to no lactobacillus and only few cocci bacteria and the fermentor 
solutions showed little to no difference between those fermentations which had 15 ppm of 
ISOHOP® and those currently receiving 4 ppm ISOHOP® via the yeast growing tanks. 
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